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Abstract 

We study the dyon electric charge of D6 branes as eleven dimensional KK monopoles. We 
observe that the dyon charge is intimately related with the existence of gauge connections 
and antisymmetric fields on the brane world volume. 
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1 Introduction 



The dynamics of open tachyon condensation pp and the K-theoretical classification of D- 
brane charges [21 Ej, strongly suggest the interpretation of D-branes as solitons of some 
ten dimensional underlying gauge-Higgs theory naturaly associated with configurations of 
D9-filling-branes with the open tachyon playing the role of the Higgs field. 

A fascinating issue, that is still open, is to unravel the precise physical meaning of the 
gauge theory used in the K-theoretical description of D-brane charges. In this approach, 
for instance, the D6-brane of type IIA string theory can be naturally interpreted as a 't 
Hooft-Polyakov monopole f^l^. The pattern of symmetry breaking can be characterized 
by the vacuum manifold j7(i')^^^^(i) and the topological stability of the D6-brane is related 
to the non-vanishing second homotopy group of this vacuum manifold. 

On the other hand, it is well known that 't Hooft-Polyakov monopoles in the standard 
Yang-Mill-Higgs model in four dimensions have electric charge, i.e are dyons. This is 
manifest in the topology of the corresponding moduli space that is, for just one monopole, 
i?^ (8) S"^ jnj. Of course, it is tempting, but probably too naive, to try to see in the of 
the monopole moduli space a manifestation of the extra eleven dimension of M- Theory. 
However what we can certainly expect, if the open tachyon condensation approach to 
D-branes as solitons is correct, is to find some dyon charge for the D6-brane. 

The interesting thing about D6-branes is that they have a purely gravitational descrip- 
tion as KK-monopoles in eleven dimensional supergravity [3 E]- It is well known that 
KK- monopoles in ten dimensions have an electric dyon charge P . Moreover, the moduli of 
these ten dimensional KK-monopoles is in fact ® 5^ as it is the case for the dyon. The 
extra 5*^ part of the moduli in this case is related with large gauge transformations of the 
5-field and the electric charge of the KK-monopole can be interpreted as a consequence 
of unwinding the string modes on a Hopf fibration of PU]- In this sense what we need 
to do in order to prove that D6-branes are dyons, as it is predicted by the open tachyon 
condensation description of them, is to extend the previous argument on ten dimensional 
KK-monopoles to the case of eleven dimensional KK-monopoles. This is the modest target 
of this note. 



2 Eleven Dimensional Description of D6-branes 

Let us start recalling some well known facts about D6-branes as eleven dimensional KK- 
monopoles 

At the level of solutions, the D6-brane has a singularity at the origin which makes 
necessary the eleven dimensional description [7] as a KK-monopole, in order to have a 
completely regular solution. We can check this explicitely by means of the usual KK 
reduction for the eleven dimensional metric 

p-2(l>/3 

^ = e"^/' {dx^ + A,dxn' + -^dsl,. (1) 
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The relations between the M-theory parameters {lp,Rs) and the string theory parameters 
ils,9s) are 



9s = e'', ^ = gl'\ li = gst (2) 

When considering extended objects, we can decompose the metric as E^+^ + E^'^^p. The 
solution is then determined by an harmonic function, H, in the transverse space 

H = l + ^. (3) 

As we are dealing with the D6-brane of type IIA string theory, we can associate it to 
a 6-form in ten dimensions. However, when this form is lift to eleven dimensions, we find 
that it is only non-trivial in the presence of an isometric direction, i.e. in the presence of 
a KK-monopole of the eleven dimensional theory [H|. 

The metric for the KK-monopole can be written as 

dsl^ = Hdx^dXf, + H-^ {dipTN + Af.dx'^f + ds^ , (4) 

where i/jtn is taken as a periodic coordinate of period 27r (the Taub-NUT coordinate) 
in order to eliminate the Dirac string singularity and which will represent the compact 
eleventh dimension. For G = (with G the field strenght of the 3-form of M-theory), 
V A ^ = VH, which implies V^^ = 0. 

It is worth to mention that this solution is a gravitational instanton of the eleven 
dimensional supergravity, of the nut type, which interpolates between the KK-vaccum 
E^'^ X S"^ at r ^ oo and the M-theory vacuum at r — > 0. 

Performing a direct dimensional reduction we find the solution for the D6-brane 

ds% = H-'/^ds\E'^') + H^/^ds\¥?), (5) 

with 



g-2<A _ ^3/2^ ^ and = 1 + -, (6) 

r 

where Fm is the magnetic field strenght and the Hodge dual is taken in the transverse 
space. 

This process of desingularization has also the advantage of making evident the origin 
of the field content of the D6-brane, which is clear from the point of view of the action 
principles ^T]. As usually stated, the field content of the KK-monopole is a seven dimen- 
sional vector multiplet of = 1 supersymmetry consisting on the vector field Ai and three 
scalars corresponding to transaltional zero modes in the transverse space. 

Apart from the purely gravitational part, this field constent arises from the dimensional 
reduction of the M2-brane. More especifically, we can consider the decomposition of the 
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(ji^) form, to which the eleven dimensional membrane couples, in the presence of the KK- 
monopole as 



— T/ R ' ^ ' 

'^p.ij — ^ ti^ij 

Cijk 

where = (r, 9, (p, ■0) are the Taub-NUT coordinates (with ^ = the eleventh di- 
mensional coordinate) and i = 0,...,6 the coordinates on the world-volume of the 
KK-monopole. The fields A and B are respectively the gauge field and the antisymmetric 
2-form on the D6-brane world volume. 

As is clear from the field content of the KK-monopole, this decomposition implies that 
the system we are considering is an M2-brane wrapped on the isometric direction of the 
space with an end on the world-volume of the KK-monopole, which can be schematically 
represented as 



{0\M2,KKM) 



X| — — XX — — — — — — 

x| — — — 2;xxxxxx 



The zero modes in the decomposition of the 3-form of M-theory which live in the 
transverse space will be determined by the geometry of the space, in the sense that they 
will be requiered to be harmonic functions 



V"V[,V;] = 0, (9) 
V"V[„Ch = 0, (10) 

which, after a proper parametrization to be explained below, implies 



1 

2na' 

which can be seen as the gauge transformation for C^,^ and establishes the standard relation 
between the B-field and the gauge field on the D6-brane, as can be seen building the 
corresponding part of the 4-form field strenght as 



1 

2'na 



— C^^yJ- ij. (12) 

When the C^i, is integrated, gives rise to the F + B term of the Born-lnfeld theory of the 
D6-brane. 
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Moreover, due to the holonomy group of the Taub-NUT manifold, in order to obtain a 
normahzable C^j,, we must require for it to be an anti-self-dual tensor. 

Let us stop for a second and look at the implications of (fTT|l . We have obtained a 
description of the KK-monopole from a purely gravitational point of view, including the 
degrees of freedom corresponding to the gauge fields of the N=l vector multiplet of its 
world- volume theory, as seen from ()12|) . 

There is, however, an extra condition which we have not used, namely, that the field 
strenght of the 3-form of M-theory, G, has to be zero. From (fT^ one obtains the following 
relation between the fields on the world-volume 

-B + dA = (13) 



27ra' 

Which trivially implies that the B-field is flat, i.e. its topological classification lies in 
[H] e Tors {H^{X,Z)). 

3 D6-brane Charges 

Now we can compute the charges of the system. The metric on the transverse space can 
be written as 

,2 r + 171,2 /2 2\ ir^2 , a ~ f i ^ COS ^ , , V / ^ a\ 

dsij^ = dr^ + (r^ - m^)dQ7o) + (4m)^ di/j H d(j) , (14) 

r — m ^ ' r + m \ 2 J 

so the vector potential and its field strenght are 



A = 2m cos 6d(j), (15) 

F = dA = -2msmede Ad(j). (16) 

From here one can compute the NUT charge as 

N = — I F = m. (17) 



be 



It is interesting to mention that the parameter m is set, from boundary conditions to 

4m = Le"^" (18) 



where (pQ is the boundary value of the dilaton of the type IIA string theory. 

The magnetic charge of the monopole can be computed from the integral of the totally 
antisymmetric part of the spin connection minus the background u = F A k, where k = 
{Amdip + 2m cos Odcj)) is the Killing vector representing the isometry, which is, up to a 
normalization factor 
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= -[4:mf-^—-^de ^d4)^d^l). (19) 

This form is proportional to the volume form of the 5''^ which means that it can be inter- 
preted as a winding number. The corresponding charge is 

K=^^Ju = Am\ (20) 

The metric flT^ is self-dual, i.e. RaP'^a = ^^a/3rjTrR^''-ya, which, in turn, implies that the 
mass of the solution is equal to its NUT charge, and has a positive orientation defined by 
an orthonormal frame ^Hj which can be chosen in such a way that 

/ \ 1/2 

= Umdi/j + 2m cos ed(f)) , (21) 

\r + m J 

= f^V'^r, (22) 
\r — m J 

where we have just written the two components that will be interesting for us. 

At this moment we have computed three of the charges of the system, and this would 
be all if we do not consider the vector potentials associated with the 3-form of M-theory. 

In order to define now the electric charge we will use the following strategy. Since 
we are considering an eleven dimensional supergravity solution, we will use the M-theory 
3-form Cmnp- The pieces of Cmnp that will be relevant for our discussion are the 2- form 
C^y and the 1-form defined in ([7j). Notice that these forms are associated, respectively, 
with the gauge field Ai and the 2-form Bij on the D6-brane world- volume. 

Using (fTTjl . we observe that the 2-form C^,^ is a pure gauge. It is this pure gauge 2-form 
the one that is playing for the eleven dimensional KK-monopole case the same role that 
a pure gauge 2-form B in the case of the ten dimensional KK-monopole. In this sense we 
will define the electric charge as associated with C^4 where the coordinate 4 is the one of 
the S"^ fiber of the Hopf fibration. 

Let us stress that the main difference with the dyon effect for the ten dimensional 
KK-monopole is that we need to proyect the M-theory 3-form C on the world-volume 
coordinates. Moreover, the fact that the so defined 2-form is a pure gauge is reflecting the 
gauge invariance of the world- volume BI lagrangian. 

Thus in order to compute the electric charge, we parametrize the as in 

V,= (^/i(r),0,i/2(r)cose,/2(r)^ , (23) 

which can be seen to correspond, up to normalization constants, to the vector k plus a 
deformation coming from the e^. This allows us to write 

1 2m 

C^i = ?7^^ T^^dr. (24) 

{2it)H7 i^ + m? 
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Dualising this form we find 



C(3) = *C„4 = ^^^^^ (- — sin ed9 Ad(j)A d^jj, (25) 

which is again proportional to the volume of the S^. This is the electric charge of the 
KK-monopole, and is well defined at infinity. 

Notice that the part of the dyon moduli space is related to large gauge transforma- 
tions of the 2- form C^y. 

This concludes the proof that the D6-brane interpreted as an eleven dimensional KK- 
monopole is -as predicted from the ten dimensional open tachyon condensation description- 
a dyon. This points out to a deep connection between the gauge-Higgs ten dimensional 
description of a D6-brane as a 't Hooft-Polyakov monopole and the eleven dimensional 
gravitational description. The dyon charge is the most natural bridge between the two 
descriptions [Tlj . 
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